The chemical constituents of Ligularia wilsoniana were studied for the first time, using four samples collected in Chongqing City, China. Two new compounds, 6-(2',3'-epoxy-2'-methylpropanoyloxy)-1,10-epoxyfuranoeremophilane and 11H-6-(2'-hydroxymethylacryloyloxy)-1,10;7,8diepoxyeremophilanolide, as well as eight known compounds, were isolated from one of the samples, while three to four known furanoeremophilanes were isolated from the other three samples. No compound was common to the two classes of the samples, demonstrating the presence of at least two chemotypes of this species.
We have been studying both the chemical constituents and DNA sequences of Ligularia (Asteraceae) and related plants growing in the Hengduan Mountains area [1] . We have reported that some Ligularia species are highly diverse, while some are uniform, judged by the chemical constituents and DNA sequences, especially those of the internal transcribed spacers (ITSs) of the nuclear ribosomal RNA gene cluster [1] . In 2013, we collected four samples of L. wilsoniana (Hemsley) Greenman in Chongqing. The plant is known to grow on glassy slopes and forest understories at 1600-2100 m in altitude in Chongqing, Sichuan and Hubei Provinces of China [2] . The LCMS profiles of samples 1-3 [3] (Figure 1) , as well as their TLC patterns, were very similar to each other, while the LCMS profile of sample 4 was different from the others. Compounds in the four samples were isolated and analyzed by standard methods and 14 compounds, 1-14, were identified ( Figure  2) , two of which (9 and 10) were new. The LCMS result and the isolated compounds, listed in Table 1 , show that the species harbor at least two chemotypes. In the following, we describe the structure elucidation of the two new compounds and discuss the chemical differences between the four samples viz-a-viz the DNA sequences of ITSs in the ribosomal RNA gene. Compound 9 showed a molecular ion peak at m/z 332 and its molecular formula was determined to be C 19 H 24 O 5 from HRMS and 13 C NMR data. The IR spectrum indicated the presence of an ester (1732 cm -1 ), which was supported by 13 C NMR ( 171.1). The 1 H NMR spectrum exhibited the presence of a doublet methyl ( 1.10), three singlet methyls ( 1.15, 1.37, 1.89), two oxymethine protons ( 2.48, 6.48), two oxymethylene protons ( 2.13, 2.86), and a proton at  6.84 (s), characteristic of a furan moiety. A furanoeremophilane skeleton was revealed by 2D correlations shown in Figure 3 . Two epoxides were present at C-1 and C-10 ( H 2.48,  C 62.4, 62.8) and at C-2' and C-3' ( H 2.13, 2.86;  C 52.5, 53.7), as indicated by HMBC ( Figure 3 ). The stereochemistry was determined by NOESY. The NOE between H-6 and H-3indicated that the A/B rings were cis-fused. The NOE between H 3 -14 and NPC Natural Product Communications 2016 Vol. 11
No. 2 149 -152
H-9 indicated that the conformation was non-steroid like. The 1,10-epoxide ring should be -oriented, because the coupling constant of H-1 between H-2was 5.4 Hz and the H-2 had an NOE to H 3 -15. Therefore, compound 9 was established to be 6-(2',3'-epoxy-2'-methylpropanoyloxy)-1,10βepoxyfuranoeremophilane. Compound 10 showed a quasi-molecular ion peak at m/z 365 and its molecular formula was determined to be C 19 H 24 O 7 from HRMS and 13 C NMR data. The IR spectrum indicated the presence of a hydroxy (3418 cm -1 ), an ester (1717 cm -1 ), and an enol or epoxy lactone (1801 cm -1 ). The 13 C NMR spectrum suggested the presence of three methyl, five methylene, four methine, and seven quaternary carbon atoms. An eremophilane skeleton was constructed by COSY and HMBC correlations ( Figure 4 ). Two epoxides were at C-1 and C-10, and at C-7 and C-8. A 2-hydroxymethylacryloyloxy group was found to be attached to C-6, because a long-range correlation between H-6 and C-1' was detected. The stereochemistry was determined by NOESY. The cis ring junction was indicated by the presence of an NOE between H-9 and H-4. The configuration at C-11 was determined by the NOE between H-11 and H-6. If the epoxide at C-7 and C-8 had been -oriented, this NOE would not have been observed. The same direction of the epoxide oxygen and H 3 -13 has already been discussed from the biosynthetic point of view [4] . Therefore, the whole structure of compound 10 was established as depicted in the formula. All the other compounds were known. Compounds 1 [5] , 2 [6] , and 3 [6] were furanoeremophilanes with a carbonyl group at C-9 and different ester groups at C-6. Compound 4 was p-menthenediol [7] . Compounds 5 [8] , 6 [9] , 7 [10] , and 8 [5] were furanoeremophilanes with different ester groups at C-6. Compound 11 was a eudesmane alcohol [11] , and compound 12 was spathulenol [12], the first record from Ligularia. Compound 13 was linalyl acetate and compound 14 was lupeol. The chemical constituents of samples 1-4 are listed in Table 1 . Sample 4 is different from the other samples, indicating the presence of more than one chemotype in L. wilsoniana.
The LC peak at 10.4 min for samples 1-3, and its resulting MS peaks at m/z 333 and 245, indicated that the LC peak was for the major compound 1. The LC peak at 12.3 min exhibited MS peaks at m/z 345 and 244, due to compound 3. Two major LC peaks at 11.5 and 15.9 min for sample 4 showed the same MS peaks at m/z 231 and 213. The former at 11.5 min was due to compound 5, and the latter at 15.9 min, compound 9, judged by their retention times and fragment patterns. The base sequence of the ITS1-5.8S-ITS2 region in the nuclear ribosomal RNA gene cluster was determined for the four samples. The results are summarized in Table 2 . Sample 4 appears different from the other three. This observation was confirmed by analysis using the MEGA6 program [13] . When the sequences were subjected to phylogenetic analysis using the maximum parsimony algorithm together with the sequence of Ligularia anoleuca (database ID=AB557884) as an outgroup, samples 1-3 formed a clade with a bootstrap value of 99%. The LCMS result and the structure determination of isolated compounds consistently showed that sample 4 was different from samples 1-3 and demonstrated that there were at least two chemotypes in this species, although the differences in the molecular structures between the two types were small. The results of DNA sequencing agreed with the chemical results in differentiating sample 4 from the other three, suggesting that the chemical difference had a genetic origin.
Experimental
General: IR spectra were measured on a SHIMADZU FT/IR-8400S (samples were absorbed on a powdered KBr surface and measured with the diffusion reflection method); 1 H and 13 C NMR spectra, on Varian 500-MR (500 MHz and 125 MHz, respectively) and Mercury 300 (300 MHz) spectrometers. Mass spectra, including high-resolution ones, were recorded on a JEOL JMS-700 MStation. Chemcopak Nucleosil 50-5 (4.6×250 mm) with a solvent system of either n-hexane-EtOAc or TSK-GEL G1000H HR (7.8×300 mm) with EtOAc was used for HPLC (JASCO pump system). Silica gel BW-127ZH or BW-300 (Fuji Silysia) was used for column chromatography (CC). Silica gel 60 F 254 plates (Merck) were used for TLC. Purification, amplification and sequencing reaction of DNA were carried out as reported [14] . Sequences were determined on either a 3130xl or 3500 genetic analyzer (Applied Biosystems). 
Extraction and separation:
The roots of sample 1 (2013-01) (128.9 g) were cut into pieces and extracted with EtOAc for several Sesquiterpenes from Ligularia wilsoniana Natural Product Communications Vol. 11 (2) 2016 151 months at rt. The extract (7.89 g) was subjected to silica gel CC (elution with a n-hexane-EtOAc gradient) to give 4 fractions. From fraction 2 (1468.1 mg), compounds 1 (610.9 mg) and 3 (299.5 mg) were isolated by HPLC (Nucleosil 50-5, n-hexane-EtOAc=4:1, TSK-GEL10000H HR , EtOAc), and from fraction 3 (155.2 mg), compounds 1 (20.0 mg), 2 (0.5 mg), and 3 (1.3 mg).
The roots of sample 2 (55.6 g) were similarly treated to give an extract (2.51 g), which was subjected to silica gel CC to give 4 fractions. Fraction 1 (343.2 mg) gave 3 (28.4 mg) by HPLC (Nucleosil 50-5, n-hexane-EtOAc=4:1). Fraction 2 (722.2 mg) afforded 1 (492.1 mg) and 3 (191.0 mg) by HPLC (Nucleosil 50-5, hexane-EtOAc=95:5). Fraction 3 (255.8 mg) gave 1 (136.1 mg), 2 (7.8 mg), and 3 (24.0 mg) by HPLC (Nucleosil 50-5, n-hexane-EtOAc=4:1). From fraction 4 (60.1 mg), 1 (3.3 mg), 2 (0.5 mg), and 3 (0.4 mg) were isolated by HPLC (Nucleosil 50-5, n-hexane-EtOAc=7:3, and TSK-GEL10000H HR , EtOAc).
The roots of sample 3 (107.6 g) were similarly treated to give an extract (7.67 g). Separation by silica gel CC gave 3 fractions. Fraction 1 (3350.5 mg) afforded compounds 1 (761.2 mg) and 3 (1696.2 mg), fraction 2 (142.5 mg) gave 1 (560.6 mg), and fraction 3 (356.5 mg) gave compound 4 (5.6 mg) by HPLC (Nucleosil 50-5, n-hexane-EtOAc=95:5, TSK-GEL G1000H HR , n-hexane-EtOAc=1:1).
The roots of sample 4 (2013-10) (24.1 g) were similarly treated to give an extract (2.66 g), which was subjected to silica gel CC (elution with a n-hexane-EtOAc gradient) to give 5 fractions. From fraction 2 (223.8 mg), compounds 7 (9.8 mg), 8 (7.5 mg), and 13 (28.8 mg) were isolated by HPLC (Nucleosil 50-5, n-hexane-EtOAc=95:5). From fraction 3 (128.2 mg), compounds 6 (5.3 mg), 9 (9.6 mg), 11 (3.1 mg), 12 (1.9 mg), and 14 (6.3 mg) were isolated by HPLC (Nucleosil 50-5, n-hexane-EtOAc=9:1, TSK-GEL10000H HR , EtOAc). Fraction 4 (560.6 mg) afforded compound 5 (362.2 mg) by HPLC (Nucleosil 50-5, n-hexane-EtOAc=4:1). From fraction 5 (63.3 mg), 10 (2.1 mg) was isolated by HPLC (Nucleosil 50-5, n-hexane-EtOAc=4:1, TSK-GEL10000H HR , EtOAc).
Compound 9
[α] D : -7.7 (c 0.17, EtOH). 
